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Abstract 
In construction practice it is often possible to replace the building material, which is planned in the design phase, by the local 
cheaper material. In this paper analysis of the possibility of replacing the retaining structure of reinforced earth, which is 
envisioned in the main design of the Highway E-80: Niš – Dimitrovgrad, by embankment of disintegrated rocky material, is 
presented. This material is obtained by blasting the rock mass near this location. Recommendations for changing of the main 
design were given based on the results of the computational slope stability analysis which was performed by the limit equilibrium 
method, according to Spencer’s solution. Due to this change the organization of construction works is significantly improved. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The Corridor X is one of the most important Pan-European road corridors. It runs between Salzburg in Austria 
and Thessaloniki in Greece. The corridor passes through Austria, Slovenia, Croatia, Serbia, Macedonia and Greece. 
Serbian section of Corridor X is part of two important Pan-European transport infrastructure networks. One is 
connecting Budapest with the Bulgarian capital of Sofia, the other linking Greece to the north. The construction of 
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Corridor X through Serbia is carried out through 4 projects, one of which is Project East E-80: Nis –Dimitrovgrad 
(Corridor Xc), total length of 83.4 km. The road route E-80 is immensely important and has an essential traffic 
function in terms of being the shortest route connecting Western and Central Europe with the Near and Middle East. 
The project area for motorway on the E-80 alignment belongs to the southern part of Eastern Serbia. The highway 
stretches in the direction northwest to southeast, from the city of Nis through Bela Palanka to Pirot to Dimitrovgrad. 
The motorway route cross very difficult terrain and include 12 tunnels and there are long and steep downhill 
gradients. A complex geological structure, various and highly active tectonic movement, including later erosion 
caused by numerous factors, have contributed to the morphological variety of the project area [1-26]. 
2. Designed retaining structure of reinforced earth 
The main design of the Highway E-80: Niš – Dimitrovgrad, Section 4: ýiflik – Staniþenje, envisages the 
construction of retaining structure of reinforced earth in two levels: 
Level 1 - from km 53+085.74 to km 53+336.00, total length of 254 m. 
Level 2 - from km 53+183.39 to km 53+301.50, total length of 120 m.  
The layout plan of this part of the route, with marked position of the retaining structure of reinforced earth is 
shown in Fig. 1. 
 
Fig.1.The position of the retaining structure of reinforced earth in the layout plan of the route 
The designed retaining structure is a composition of stone or earthen fill (embankment), geogrid and concrete 
blocks used for facing of the front face of the wall. Geogrid accepts tensile forces from the soil, while concrete 
blocks are used for the formation of the designed geometry of the wall face. The front face of the structure is 
vertical, in order to reduce the engaged area. On the part of the route where the retaining structure of reinforced 
earth has two levels, the transition between the levels is realized by grass berm having width of 2.50 m.  
The main design is stated that the road embankment and retaining structure of reinforced earth should be built 
from material excavated along the route. Soil layers embedded in the retaining structure of reinforced earth should 
be compacted so that the modulus of compressibility Ms is not less than 35 MPa.  
Computational analysis of the stability of the retaining structure of reinforced earth is performed on specific 
profiles, from Profile No. 16 (at km 53+085.74) to Profile No. 26 (at km 53+335.74). Analysis of the internal 
stability, analysis of global stability, and analysis of soil bearing capacity was performed. All necessary calculations 
were performed using the software package SLOPE/W, the limit equilibrium method, according to Spencer's 
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solution. Geotechnical parameters for road embankment and foundation soil were adopted on the basis of 
Geotechnical report: 
For the existing embankment and embankment of reinforced earth:    
Ȗ  = 22 kN/m3, c = 0, ĳ = 30.17º  
For the subsoil:    
Ȗ  = 18 kN/m3, c = 9.375 kPa, ĳ = 16.23º 
Results of the above-mentioned computational stability analysis are: 
For the retaining structure of reinforced earth – Level 1: min Fs = 1.370 
For the retaining structure of reinforced earth – Levels 1 and 2: min Fs = 1.353 
3. Analysis of the stability of embankments constructed of rocky material disintegrated by blasting 
Near the location of the designed retaining structure of reinforced earth, from km 54+600 to km 56+200, the 
main design of the Highway E-80: Niš – Dimitrovgrad, Section 4: ýiflik – Staniþenje, envisages mining of rock 
mass composed of limestone and dolomite (Fig. 2). 
 
Fig.2.Preparation for mining of limestone and dolomite rock mass on the section ýiflik – Staniþenje 
After completion of mining the contractor is facing several problems. The first (minor) problem is the 
transportation of disintegrated rocky material from the site. The second (bigger) problem is the selection of  suitable 
site for the disposal of this material. It is preferable that this site is as close as possible to the place of mining. 
However, this requirement is difficult to fulfill, due to the terrain configuration and the position of the designed 
highway route on this section.    
The contractor on this section of Highway E-80 (RUBAU CONSTRUCTION) proposed to consider the use of 
rock material disintegrated by blasting, for construction of embankments. Analysis of the possibility of replacing 
retaining structure of reinforced earth by embankment of disintegrated rock material, obtained by blasting, was 
performed on Faculty of Civil Engineering and Architecture - Niš, at Department of Geotechnical Engineering. The 
designed slope of the embankment is 1:1.5. In order to solve this task, the authors performed computational analysis 
of the stability of embankment of disintegrated rock material. This analysis applied the same methodology as in the 
main design, i.e. limit equilibrium method, Spencer’s solution, the same criteria of stability and the same software 
package (SLOPE/W), in order of relevance and comparability of the results [2]. 
Calculations were performed using partial safety factors, as provided in Eurocode 7: 
x for dead load:   FȖ  = 1.00 
x for moving load:   Fq = 1.30 
x for angle of internal friction: Fĳ = 1.25 
x for cohesion: Fc = 1.60 
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In this method of calculation, the stability criterion is: Fs  1.00. 
It also takes into account the traffic load  q = 43.29 kN/m2  and seismic impact based on the horizontal seismic 
coefficient 0.05. 
For „new“ embankment disintegrated rocky material (limestone, dolomite), that was obtained in the process of 
blasting rock mass (excavation V and VI category), from km 54+600 to km 56+200 should be used. In the main 
design (Volume 2, Issue 1 – Report on geotechnical field explorations), at page 5, for this material in the rock mass 
it is stated: 
- The angle of internal friction: ĳ = 51º - 53º.  
Based on the foregoing, as well as on data from the scientific literature [3], for the computational analysis of the 
stability of embankments of disintegrated limestone and dolomite rock material, internal friction angle ĳ = 40° was 
adopted (which is on the safe side). 
For the purposes of the computational stability analysis, which is performed using the software package 
SLOPE/W, the characteristics of the materials which are present in the layers of the embankment, are adopted 
according to Tab. 1: 
 
 
Table 1. The properties of the materials which are present in the layers of the embankment  
Material name 
Bulk density 
Ȗ [kN/m3] 
Cohesion 
c [kN/m2] 
Internal friction angle 
ĳ [º] 
Embankment of disintegrated rock material 20 0 40 
Existing embankment 22 0 30.17 
Subsoil 18 9.375 16.23 
Computational analysis of the stability of embankments of disintegrated rock material was carried out on specific 
profiles 16, 18, 20, 22, 24, and 26. The results obtained (minimum factors of safety – min Fs) are shown in Tab. 2.  
Table 2. minFs  of embankments on specific profiles, obtained by applying Spencer's solution 
Profile 
Chainage 
[km] 
Minimum factor of safety minFs 
16 53+085.737 1.259 
18 53+135.737 1.350 
20 53+185.737 1.234 
22 53+235.737 1.167 
24 53+285.737 1.180 
For each profile, on which computational stability analysis is performed, detailed tabular and graphical report is 
generated. As an illustration of the procedure described above, the results of the analysis of slope stability of 
embankment on Profile 18 (minFs value and the position of the critical slip surface) are summarized in Tab. 3 and in 
the form of graphical representation in Fig. 3.  
Table 3. Results of the analysis of slope stability of embankment on Profile 18 (km 53+135.737) - minFs value and the position of the 
critical slip surface 
SLOPE/W Analysis 
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Report generated using GeoStudio 2007, version 7.10. Copyright © 1991-2008  
GEO-SLOPE International Ltd. 
Method: Spencer 
File Name: Stabilnost kosine nasipa Pr 18 (km 53+135.737) 
Results: 
minFs 
Critical Slip Surface: 
Center [m] Radius [m] Entry [m] Exit [m] 
1.350 (-20.600, 343.350) 11.985 (-9.40615, 339.068) (-26.9961, 333.215) 
Fig.3.The analysis of slope stability of embankment on Profile 18 (km 53+135,737) 
In the same way the results of the computational analysis of slope stability of embankment on Profile 22 are 
shown in Tab. 4. It should be noted that on Profile 22 calculated min Fs is 1.167 which is the smallest of the 
calculated minFs values on Profiles 16 – 24, but also meets the stability criterion Fs  1.00. Graphical interpretation 
of performed computational slope stability analysis on Profile 22 is shown in Fig. 4. 
Table 4. Results of the analysis of slope stability of embankment on Profile 22 (km 53+235.737) – minFs value and the position of the 
critical slip surface 
SLOPE/W Analysis 
Report generated using GeoStudio 2007, version 7.10. Copyright © 1991-2008  
1: Podtlo
2: Nasip od kamenog materijala 3: Postojeci nasip
1.350
Surcharge (Unit Weight): 20 kN/m³
q=1.3*33.3=43.29 kN/m2
Pr 18 (km 53+135,737)
Name: SLOPE/W Analysis
Method: Spencer
Horz Seismic Load: 0.05
FOS: 1.350
Name: Nasip od kamenog materijala
Model: Mohr-Coulomb
Unit Weight: 20 kN/m³
Cohesion: 0 kPa
Phi: 40 °
Name: Postojeüi nasip
Model: Mohr-Coulomb
Unit Weight: 22 kN/m³
Cohesion: 0 kPa
Phi: 30.17 °
Name: Podtlo
Model: Mohr-Coulomb
Unit Weight: 18 kN/m³
Cohesion: 9.375 kPa
Phi: 16.23 °
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GEO-SLOPE International Ltd. 
Method: Spencer 
File Name: Stabilnost kosine nasipa Pr 22 (km 53+235.737) 
Results: 
minFs 
Critical Slip Surface: 
Center [m] Radius [m] Entry [m] Exit [m] 
1.167 (-26.802, 343.139) 18.689 (-8.52743, 339.224) (-37.2887, 327.670) 
 
 
Fig.4.The analysis of slope stability of embankment on Profile 22 (km 53+235,737) 
4. Summary 
The results of the computational analysis of embankment slope stability indicate that the embankment of rocky 
material disintegrated by blasting with the slope gradient 1:1.5 is stable at all analyzed profiles (from Profile 16 to 
Profile 26), i.e. along the entire section where this embankment would be built (from km 53+085.74 to km 
53+335.74). Based on these facts, it was concluded that the disintegrated rock material obtained by mining of the 
limestone–dolomite rock mass on section ýiflik – Staniþenje, can be used for construction of embankments with the 
slope gradient 1:1.5 instead of the designed retaining structure of reinforced earth. As a result, it was possible that, 
prior to the commencement of works on the route, change the main design of engineering structures on the Highway 
E-80: Niš (Prosek) – Dimitrovgrad (Bulgarian border), Section 4: ýiflik – Staniþenje. These changes in main design, 
which are in accordance with the proposition of the contractor, resulted in significant rationalization in terms of 
substantial financial and time savings. 
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